that autophosphorylated ␣CaMKII could itself serve as a These results confirm the importance of ␣CaMKII in kind of molecular memory, such that the strength of a visual cortical plasticity and suggest that synaptic given synapse could be encoded by the size of a local changes induced by monocular deprivation are stored population of autophosphorylated ␣CaMKII (Lisman, specifically in glutamatergic synapses made onto ex-
, 1987). two eyes' input to V1, such that the drive of the nonde-
One previous study has directly examined the role of prived, open eye to the cortex is greatly amplified at the ␣CaMKII in developmental plasticity in V1 by examining expense of connections subserving the deprived closed the effects of monocular deprivation on ␣CaMKII knockeye (Freeman and Olson, 1982) . Although the physiologiout mice (Gordon et al., 1996) . Homozygous knockout cal and anatomical dimensions of this plasticity are unanimals, but not heterozygote or wild-type littermates, derstood in some detail, our understanding of the molecshow a partial plasticity defect, such that about half of ular substrates of this synaptic competition remains all homozygous mutants fail to show measurable plasincomplete. ticity in response to monocular deprivation. The same The molecule ␣CaMKII is a signal transduction molemice show a similar bimodal distribution of scores on cule that is known to be a fundamental player in synaptic a water maze task, with performance impairments applasticity mechanisms (Lisman et -autonomous state of the molecule is required, and suggest that excitatory synapses are the primary locus of storage for plasticity induced by monocular deprivation.
Results

Biochemical and Immunohistochemical Analysis
Previous biochemical analyses of ␣CaMKII T286A mutants used only whole-brain extracts (Giese et al., 1998), and subsequent investigations of cortical function in these mice have not characterized the biochemical effects of the introduced point mutation upon cortical tissue (Glazewski et al., 2000). To specifically examine the effects of the point mutation upon the visual cortex, we examined levels of phospho-␣CaMKII and total ␣CaMKII in protein extracted from homogenates of the visual cortex. We also used immunohistochemical techniques to investigate the localization of these molecules within V1. ␣CaMKII T286A heterozygotes possessed the expected ‫%05ف‬ reduction in phospho-␣CaMKII relative to wild-type littermates ( Figure 1B ). Phospho-␣CaMKII signal was never detectable in protein extracts from ␣CaMKII T286A homozygotes (see example in Figure 1A ), even when blots were overexposed (data not shown). Surprisingly, total levels of ␣CaMKII were substantially reduced in both ␣CaMKII T286A homozygotes and heterozygotes, to approximately 60% of the levels seen in wild-type littermates ( Figure 1C ). white matter below layer VI.
The distribution of phospho-CaMKII staining was similar in wild-type and heterozygous mice, with the most Visual Cortical Plasticity intense staining in upper layers II/III (Figures 2A and 2B) .
When initiated during the normal murine critical period Signal was largely absent from ␣CaMKII T286A homozyfor plasticity, brief (4 day) periods of monocular deprivagotes ( Figure 2C) ; a faint band of immunoreactivity is tion can induce a rapid and robust shift in the balance visible in the most dorsal portions of the supragranular of the two eyes' input to V1. To test the effects of the layer, presumably due to crossreactivity of the antibody T286A mutation, we subjected ␣CaMKII T286A mutants to with ␤CaMKII. No differences in the gross morphology 4 day monocular deprivation during the peak of the critical period. Single-unit extracellular recordings were of laminae were apparent in Nissl stains (Figures 2G-2I) . The impaired plasticity observed in ␣CaMKII T286A hoTo investigate this possibility, we studied the effects of monocular deprivation initiated before and after the mozygotes also cannot be attributed to reduced levels of total ␣CaMKII ( Figure 1C) . Despite a similar reduction normal peak of the critical period. Plasticity of wild-type mice peaked near postnatal day 26 (Figure 6 ), consistent in overall levels of ␣CaMKII, ␣CaMKII T286A heterozygotes show plasticity in response to monocular deprivation with findings from previous studies (Gordon and Stryker, 1996; Hanover et al., 1999). Although the magnitude of which is indistinguishable from that measured in wildtype animals ( Figures 3B, gray bars, and 4 , gray symbols; plasticity in ␣CaMKII T286A homozygotes was much reduced relative to wild-type animals, the greatest plasticmean Ϯ SEM ϭ 0.48 Ϯ 0.04; p ϭ 0.70, t test) and significantly greater than that seen in ␣CaMKII T286A homozyity occurred at similar ages. Thus, the impairment observed in ␣CaMKII T286A homozygous animals cannot be gotes (p Ͻ 0.01, t test).
accounted for by a precocious or delayed critical period for ocular dominance plasticity.
Single-Unit Responses
To ensure that the phenotype observed in ␣CaMKII required.
